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PHOTOSENSITIVE MATERIAL PROCESSING 
APPARATUS 

FIELD OF THE INVENTION 

This invention relates to an apparatus for processing 
photosensitive material, and more particularly, to an 

- apparatus for the wet processing such as wet develop 
ment and bleach-?xing of photosensitive material. 

BACKGROUND OF THE INVENTION 

In general, wet processing of photosensitive material 
is carried out by dipping the material for a predeter 
mined time in a processing solution such as a developing 
solution, a bleach-?x solution, and washing water in a 
processing tank. 
The state-of-the-art for the continuous processing of 

photosensitive material in such a processing bath has a 
problem that the processing solution evaporates, lowers 
its temperature or undergoes deterioration or other 
various changes through oxidation or the like because 
its surface is open to the ambient atmosphere. As the ' 
processing solution evaporates, a difference arises in 
concentration between the solution near the surface and 
the solution near the tank bottom, which is undesirable 
for even development. An extra amount of processing 
solution or diluent must be fed to make up for such an 
additional loss of processing solution in the tank. In 
addition, evaporated processing solution will undesir 
ably deposit on various parts of the processing appara 
tus, particularly on feed rollers for carrying photosensi 
tive material. Such deposits later dry to present a tacky 
surface or cause staining. It is apparent that changes of 
properties or deterioration of processing solution ad 
versely affects development. Further the developing 
solution, for example, must be maintained at a tempera 
ture of about 20° to 50‘ C. in order to ensure proper 
development. If a noticeable amount of heat dissipates 
from the solution surface, an excess amount of heat must 
be applied to maintain the solution at the optimum tem 
perature. 
One solution to prevent evaporation of processing 

solution is a lid provided in the processing tank near the 
solution surface to cover the solution surface.’ However, 
if the solution surface is entirely covered with the lid, 
the lid must be removed whenever photosensitive mate 
rial is carried into the processing tank. Such removal of 
the lid for every operation is cumbersome. It might 
occur to the skilled artisan to provide the lid with an 
opening through which photosensitive material can be 
carried into the processing tank. Since a part of the lid 
is always open independent of whether or not the tank 
is in operation, the processing solution still undergoes 
evaporation, temperature lowering, deterioration and 
property changes to some extent, though to a less extent 
than in the lidless tank. 
A variety of processing apparatus are used in such 

wet processing of photosensitive material. The above 
mentioned problems of processing solution including 
deterioration with time are rather less serious in auto 
matic developing machines for commercial service 
among others because a large quantity of photosensitive 
material is daily processed and a corresponding large 
quantity of processing solution is replenished so that the 
processing solution in the tank is replaced over rela 
tively a few cycles. 
As opposed to such business use machines, wet color 

copying machines for consumers use, which have 
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2 
marked a rapid advance in these years, expect occa 
sional operation or low utilization. The occasional oper 
ation or low utilization operation used herein means 
that the processor is operated at a few frequency or for 
a short time as exempli?ed by an operating ef?ciency of 
up to 1/10 round a day (one round represents the 
amount of ?lm processed until the amount of replen 
isher added reaches the same as the processing solution 
originally in the tank) or up to 10% of the process tem 
perature time as described in several manuals, for exam 
ple, “Fuji Film Processing Manual, CR-56 Processing 
163AL004B, General 12/87-KW05-2(1),” pages 73-74 
and “Kodak R-3/R-3000 Chemicals CAT 123/5753” 
(1985), pages 41-42. 
The apparatus of this type is generally designed such 

that a small quantity of processing solution is replen 
ished for every operation. For example, 23 c.c. of devel 
oping solution is made up on processing of an A4-size 
sheet of photosensitive material. In such occasional 
operation, it takes a long time until the entire quantity of 
processing solution in the tank is replaced by a fresh 
solution or replenisher. Then the processing solution in 
the tank is deleteriously affected by aging. 

In consideration of processing solution aging, it is 
conceivable to periodically replace the processing solu 
tion in the tank independent of the quantity of photosen 
sitive material processed thus far. This idea is unaccept 
able for consumer use processing apparatus because the 
user has to perform cumbersome operation of replacing 
processing solution. In addition, the quantity of process 
ing solution consumed is undesirably increased. 

It is also conceivable to make up a somewhat excess 
amount of replenisher to compensate for deterioration 
of the processing solution. The replenishing amount 
must be precisely adjusted because an excess or short 
amount will more or less affect photographic perfor 
mance. Such ?ne adjustment is difficult for ordinary 
users. Further, not only the quantity of replenishing 
solution used is increased, but the frequency of cumber 
some replenishment operation is also increased. 

SUMMARY OF THE INVENTION 

A primary object of the present invention is to pro 
vide a novel and improved photosensitive material pro 
cessing apparatus which can prevent evaporation, tem 
perature lowering, deterioration and property changes 
of processing solution. 
According to a ?rst aspect of the present invention, 

there is provided a photosensitive material processing 
apparatus adaptable for occasional operation, compris 
ing a processing tank which has an opening at the top 
and is filled with processing solution, and means for 
controlling access to the processing tank through its 
opening. Provided that V is the volume of the process 
ing solution in the tank and S is the area of a portion of 
the processing solution surface which is open to the 
ambient atmosphere, the openness S/V during photo 
sensitive material processing periods (to be referred to 
as operating openness, hereinafter) is in the range of 
from l><l0—4 to lXl0-1/cm and the openness S/V 
during quiescent periods (to be referred to as quiescent 
openness, hereinafter) is up to 70% of the operating 
openness S/V. 
According to a second aspect of the present inven 

tion, there is provided an apparatus adaptable for the 
occasional processing of a photosensitive material by 
dipping it in processing solution, comprising a process 
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ing tank which has an opening at the top and is ?lled 
with the processing solution, a fixed lid attached to the 
tank opening and including an inlet and an outlet 
through which the photosensitive material can be deliv 
ered into and out of the tank and hence the processing 
solution, a movable lid mounted for relative motion to 
the ?xed lid to open and close the inlet and outlet, and 
drive means for moving the movable lid. 
According to a third aspect of the present invention, 

there is provided an apparatus for processing a photo 
sensitive material by dipping it in processing solution, 
comprising a processing tank which has an opening at 
the top and is ?lled with the processing solution, a ?xed 
lid attached to the tank opening and including an inlet 
and an outlet through which the photosensitive material 
can be delivered into and out of the tank and hence the 
processing solution, a movable lid mounted for relative 
motion to the ?xed lid to open and close the inlet and 
outlet, drive means for moving the movable lid, and 
means disposed between the ?xed and movable lids for 
preventing the movable lid from sticking to the ?xed 
lid. Preferably, this apparatus is adaptable for occa 
sional operation. 

In one preferred embodiment, the drive means oper 
ates such that the inlet and the outlet are opened when 
the photosensitive material is carried into and out of the 
tank and the inlet and the outlet are closed during quies 
cent periods. 

In one preferred embodiment, the anti-stick means 
comprises a plurality of ribs on at least one of directly 
faced surfaces of the ?xed and movable lids. In another 
preferred embodiment, the anti-stick means comprises a 
roller rotatably supported in at least one of directly 
faced surfaces of the ?xed and movable lids. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features, and advan 
tages of the present invention will be better understood 
from the following description of preferred embodi 
ments taken in conjunction with the accompanying 
drawings, in which: 
FIG. 1 is a partially cross-sectional, schematic side 

elevation of a photosensitive material processing appa 
ratus according to one preferred embodiment of the 
present invention; 
FIG. 2 is a perspective exploded view showing the 

rack assembly mounted in the tank of FIG. 1; 
FIG. 3 is a cross section taken along lines III—III in 

FIG. 1; 
FIGS. 4, 5, and 6 illustrate in cross section different 

examples of the solution surface shutter assembly used 
in the photosensitive material processing apparatus of 
the present invention; and 
FIG. 7 is a diagram in which the amount of remaining 

active ingredients indicative of solution deterioration is 
plotted as a function of openness in Example 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, there is illustrated a photosensi 
tive material processing apparatus according to one 
preferred embodiment of the present invention. The 
apparatus of this embodiment is intended for use in 
development or bleach-?xing of photosensitive mate 
rial. Of course, the apparatus of the present invention is 
not limited to such applications. 
The apparatus is illustrated as comprising a process 

ing tank 10 generally of a rectangular box shape having 
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4 
an opening at the top. The tank 10 is ?lled with a pro 
cessing solution 12, for example, developing solution or 
bleach-?x solution to a predetermined level. The appa 
ratus includes a rack assembly 14 which is received in 
the tank such that about a lower half of the rack assem 
bly 14 is immersed in the solution 12. 
A solution surface shutter assembly generally desig 

nated at 1 which comprises a ?xed lid, a movable lid, 
and a drive as will be later described in detail is 
mounted to the rack assembly 14 in. proximity to and 
slightly above the solution surface. 
The rack assembly 14 includes a pair of side plates 16 

and 18 as shown in FIG. 2. The side plates 16 and 18 are 
supported in parallel relationship by stays (not shown) 
?xedly secured to corresponding four corners of the 
plates. For brevity of description, the direction extend 
ing between and perpendicular to the side plates 16 and 
18 is often designated a longitudinal direction of a mem 
ber extending therebetween while the direction parallel 
to the surface of the side plates is designated a trans 
verse direction. 
Four pairs of transversely juxtaposed feed rollers 20, 

22, 24, and 26 longitudinally extend between the side 
plates 16 and 18 at a lower portion thereof where the 
rollers are immersed in the processing solution 12. The 
rollers in each pair are in frictional contact so that rota 
tion of rollers can convey a sheet therebetween. Addi 
tional two pairs of transversely juxtaposed feed rollers 
28 and 29 longitudinally extend between the side plates 
16 and 18 at an upper portion thereof where the rollers 
are positioned above the processing solution. The two 
pairs of feed rollers 28 and 29 are located at inlet and 
outlet sides for the photosensitive material, respec 
tively. Guides 41 and 43 are disposed above the two 
pairs of feed rollers 28 and 29, respectively. 
A ?xed lid 3 is mounted to the top opening of the tank 

in proximity to the solution surface. In this embodiment, 
the ?xed lid 3 includes transversely spaced-apart three 
segments 32, 34 and 36. The lid segment 32 is disposed 
above outside roller 20A of the feed roller pair 20 and in 
proximity to the solution surface and longitudinally 
extends between the side plates 16 and 18. The lid cen 
ter segment 34 is disposed above inside rollers 20B and 
26B of the feed roller pairs 20 and 26 and in proximity 
to the solution surface and longitudinally extends be 
tween the side plates 16 and 18. The lid segments 32 and 
34 de?ne therebetween an inlet 35 through which a 
usually sheet-like photosensitive material 200 is carried 
into the tank. The lid segment 36 is disposed above 
outside roller 26A of the feed roller pair 26 and in prox- . 
imity to the solution surface and longitudinally extends 
between the side plates 16 and 18. The lid segments 36 
and 34 de?ne therebetween an outlet 37 through which 
the sheet 200 is carried out of the tank. 
The material of which the lid segments are made may 

preferably have rigidity, durability, and chemical resis 
tance to the processing solution 12 (free of swell, defor 
mation, distortion, crack, and weakening by the action 
of processing solution). The material which will be 
dissolved into processing solution to detract from its 
photographic properties should be avoided. Preferred 
examples of the material of the lid include resins, for 
example, acrylic resin, vinyl chloride resin, polyamide, 
polyacetal, polycarbonate, poly(butylene terephthal 
ate), polyphenylene ether, poly(ethylene terephthalate), 
high density polyethylene, polysulfone, polyether sul 
fone, polyphenylene sul?de, polyacrylate, polyamide 
imide, polyether imide, etc., rubbers such as synthetic 
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and natural rubbers, ceramics such as alumina, metals 
such as stainless steel, titanium and titanium alloys, 
Hastelloy, etc., and a mixture thereof. 

Guides 40 and 42 are disposed between outside rollers 
20A and 22A and between outside rollers 26A and 24A, 
respectively. A center guide 44 is disposed in a region 
surrounded by the inside rollers 20B, 22B, 24B and 26B. 
The guides 40 and 42 de?ne with the center guide 44 a 
path along which the sheet 200 is conveyed. A bottom 
guide 45 is disposed in a region surrounded by the rol 
lers 22A, 22B, 24A and 24B and the tank bottom wall 
for reversing the direction of feed, that is, turning the 
sheet 200 from downward to upward direction as it 
advances. 
With this construction, the sheet 200 delivered to the 

apparatus is fed along the inlet guide 41 by a pair of 
clamping rollers 28, conveyed into the tank 10 and 
hence the processing solution 12 through the inlet 35, 
fed by the clamping rollers 20, moved down along the 
guides 40 and 44, and then turned upward by the bot 
tom guide 45 past the feed rollers 22. After reversal, the 
sheet 200 is fed upward by the clamping feed rollers 24 
and 26 along the guides 42 and 44, moved out of the 
processing solution 12 and hence the tank 10 through 
the outlet 37, and then delivered to a subsequent station 
by the feed rollers 29 along the outlet guide 43. 
Above the ?xed lid 3 is disposed a movable lid 7 

which is a slotted plate in the illustrated embodiment. 
The movable lid 7 is slidably supported between the 
side plates 16 and 18. More particularly, longitudinally 
opposed edges of the movable lid 7 are engaged in trans 
versely extending channels 16A and 18A in the side 
plates 16 and 18 so that the lid 7 is transversely slidable 
along the side plate channels 16A and 18A. The mov 
able lid 7 is provided with a slot 71 which is disposed 
midway in a transverse direction and longitudinally 
extends to near the opposed edges of the lid 7. As 
viewed from top, the slot 71 has approximately the same 
shape as the inlet 35 de?ned between the ?xed lid seg 
ments 32 and 34. It will be understood that the movable 
lid 7 may be made of the same or similar material as the 
?xed lid as described above. 
Above the movable lid 7, a shaft 50 extends between 

the side plates 16 and 18 and is rotatably supported 
therebetween. As shown in FIG. 3, the shaft 50 at one 
end extends through the side plate 18 and projects be 
yond the side wall of the tank 10. To the projected end 
of the shaft 50 is attached an upper sprocket 51. A chain 
or belt 53 is trained around the upper sprocket 51 and a 
lower sprocket 52 which is attached to a drive shaft of 
a motor through a gear box 54. The drive force of the 
motor 55 is transmitted to the shaft 50 through the chain 
or belt 53. 
On the shaft 50 is ?xedly mounted a ?rst gear 94 

between the tank side wall and the side plate 18. The 
gear 94 is in mesh with a second gear 96 pivotably 
supported on the side plate 18, which is, in turn, in mesh 
with a third gear 98 also pivotably supported on the side 
plate 18. The third gear 98 is in mesh with fourth gears 
100 which are ?xedly secured to rotating shafts of the 
feed rollers 20B and 2613. This train of gears 94, 96, 98, 
and 100 transmits the drive force the shaft 50 receives to 
the feed rollers 20B and 26B. 
The ?rst gear 94 is also in mesh with a ?fth gear 102 

which is ?xedly secured to a rotating shaft of one feed 
roller 28. This gear train transmits a drive force from 
the shaft 50 to the shaft of the feed roller 28 to rotate the 
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6 
feed rollers 28 to convey the sheet 20 in frictional en 
gagement therebetween. 
A pair of spaced apart bushes 56 are ?xed secured to 

the shaft 50 as shown in FIGS. 2 and 3. These bushes 56 
are disposed between the side plates 16 and 18 and have 
?anges facing the side plates 16 and 18, respectively. To 
the ?ange of each bush 56 is attached a frictional mem 
ber 60. A movable bush 58 having a ?ange is movably 
mounted on the shaft 50 and mated with each ?xed bush 
56 so that the movable bush ?ange faces the ?xed bush 
?ange via the frictional member 60. A compressed coil 
spring 62 is disposed between each movable bush 58 and 
the corresponding side plate 16 or 18. The coil spring 62 
forces the movable bush 58 against the ?xed bush 56 via 
the frictional member 60. 
To the ?ange of the movable bush 58 is anchored a 

pin 64 which extends toward the corresponding side 
plate 16 or 18. A pair of upright studs or followers 76 
are anchored to the movable lid 7 to de?ne therebe 
tween a channel in which the pin 64 is engaged. 

Thus, as viewed in FIG. 1, counter-clockwise rota 
tion of the movable bush 58 is transmitted to the mov 
able lid 7 through the slidable engagement between the 
pin 64 and the followers 76, moving the movable lid 7 to 
the right. When the movable lid 7 is moved a predeter 
mined distance, it abuts a stop 32A formed on the ?xed 
lid inlet segment 32 as shown in FIG. 4. At this point, 
the slot 71 in the movable lid 7 is in register with the 
inlet 35 between the fixed lid segments 32 and 34 and the 
left edge of the movable lid 7 is retracted away from the 
outlet 37 between the ?xed lid segments 36 and 34. Thus 
both the inlet 35 and outlet 37 are opened so that the 
sheet 200 can be conveyed into and out of the tank 10. 

If the movable bush 58 is rotated clockwise from the 
position shown in FIG. 4, the rotation is transmitted to 
the movable lid 7 through the slidable engagement be 
tween the pin 64 and the followers 76, moving the mov 
able lid 7 to the left. When the movable lid 7 is moved 
the predetermined distance, it abuts another stop 36A 
formed on the ?xed lid outlet segment 36 as shown in 
FIG. 1. At this point, the slot 71 in the movable lid 7 is 
above the ?xed lid segment 34 and the right and left 
portions of the movable lid 7 are in register with the 
inlet and outlet 35 and 37 between the ?xed lid segments 
32, 34, 36. Thus both the inlet 35 and outlet 37 are 
closed. 
The mechanism for transmitting the rotational force 

of the shaft 50 to the movable lid 7 is not limited to the 
above embodiment including ?xed and movable bushes 
having a frictional member interposed therebetween. A 
choice may be made of a well-known clutch mechanism 
and a continuous urging mechanism using a bladed 
rotor, for example. 
Now, the openness during processing and quiescent 

periods is described. 
In the illustrated embodiment, the inlet 35 and the 

outlet 37 are open during periods of processing photo 
sensitive material in the form of a sheet 200. Then the 
surface of the processing solution is open to the ambient 
atmosphere. More speci?cally, those solution surface 
areas within inlet 35 and outlet 37 are in contact with 
the ambient atmosphere. Since gaps often exist between 
the ?xed lid segments 32, 34, 36 and the inside wall of 
the tank 10 as seen in FIG. 1, an overall area of solution 
surface exposed to the ambient atmosphere is the solu 
tion surface areas exposed in inlet 35 and outlet 37 plus 
the solution surface areas exposed in the gaps. 
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The overall area of solution surface exposed to the 
ambient atmosphere, that is, open area is now repre 
sented by S1 (cm2) and the volume of processing solu— 
tion 12 in the tank 10 is represented by V (crn3). Ac 
cording to the ?rst aspect of the present invention, the 
openness during processing (or operating openness) 
de?ned as the open area divided by the solution volume, 
K1=S1/V, is in the range of from l><10-4/cm to 
1X IO-I/cm, preferably from 1X 10-3 to 1><10~1/cm. 
For design reasons, it is substantially dif?cult to set 

the operating openness K1 to less than l><l0_4/cm. 
With an operating openness K1 of more than 
1X l0-1/cm, the processing solution evaporates and/or 
deteriorates to a substantial extent during processing. 
Such evaporation and/or deterioration of the process 
ing solution will sometimes result in a loss of photo 
graphic performance even in the case of frequent pro 
cessing. 
During quiescent periods when no photosensitive 

material is processed, the inlet 35 and the outlet 37 are 
closed so that the ambient atmosphere does not ?ow in 
or contact with the solution surface in inlet 35 and out 
let 37. Thus the open area S2 during quiescent periods is 
equal to the solution surface areas exposed in the gaps as 
described above. The quiescent openness K2=S2/V is 
calculated from S2. This case is based on the assumption 
that the coverage of inlet 35 and outlet 37 by movable 
lid 7 is completely air tight. 

If the coverage of inlet 35 and outlet 37 by movable 
lid 7 is incomplete or partial, or if the closed space has 
a relatively large volume, for example, as large as 
V/100 to V/ 10 irrespective of the air-tight coverage, or 
if a cover or similar member which either allows air 
flow or provides an air-tight seal to the tank encloses an 
upper portion of the apparatus, the open area S2 should 
be corrected for such coverage state or sealing degree. 
For example, quiescent openness K2=S2/V may be 

determined as follows. 
First, the degree of deterioration of a particular ingre 

dient of processing solution is actually determined in a 
tank at room temperature. To this end, in the case of a 
developing solution, for example, the degree of deterio 
ration may be determined by selecting an amine such as 
a hydroxylamine sulfate salt and diethylhydroxylamine 
or sodium sul?te from preservatives as the particular 
ingredient and carrying out chemical analysis on the 
particular ingredient to determine the loss of the ingre 
dient. Separately, a model experiment is conducted 
using the same processing solution to determine a 
change of the degree of deterioration with a lapse of 
time (days) for various values of SN. Then K2 may be 
obtained by comparing the actual data with the model 
relationship. 

Nevertheless, since the inlet and the outlet are 
shielded against communication to the ambient atmo 
sphere or against contact with air in the illustrated em 
bodiment of the present invention, often the value cal 
culated from geometrical dimensions may be used as 
quiescent openness K2 without a correction. 
The same applies to any processing solutions other 

than the developing solution. 
In the preferred embodiment of the present invention, 

quiescent openness K2=S2/V is set to 70% or lower of 
operating openness K1, preferably to 0.1 to 30%, most 
preferably to 0.5 to 10% of operating openness K1. If 
quiescent openness K2 is more than 70% of operating 
openness K1, evaporation and/or deterioration of the 
processing solution during quiescent periods increases 

25 

30 

35 

45 

50 

55 

60 

65 

8 
to such an extent that some bene?ts of the present in 
vention are lost. 

If the photosensitive material processing apparatus is 
provided with a shutter assembly of a different structure 
from the solution surface shutter assembly 1 illustrated 
above or any other access control structure, operating 
and quiescent opennesses K1 and K2 may be suitably 
determined depending on the particular structure used. 
In any cases, KZ/Kl should fall within the above 
de?ned range. 

In a preferred embodiment of the invention, the appa 
ratus is provided with anti-stick means disposed be 
tween the fixed and movable lids of the shutter assem 
bly 1 for preventing the movable lid from sticking to the 
?xed lid. FIGS. 4, 5 and 6 illustrate several examples of 
the anti-stick means. 

In the embodiment of FIG. 4, the anti-stick means 
includes a plurality of longitudinally extending ribs 72 
formed on the surface of the movable lid 7 directly 
facing the ?xed lid 3.’ The movable lid 7 is then in 
contact with the ?xed lid 3 via the ribs 72. The ribs 72 
play the role of spacers between the lids, ensuring 
smooth movement of the movable lid 7 along the ?xed 
lid 3 because the ribs 72 prevent the lids from tightly 
clinging to each other to increase the sliding resistance 
even when processing solution spreads between the lids. 
The spacing between the ribs 72 may be determined 

in consideration of the dimensions of the ?xed lid seg 
ments 32, 34, and 36. More particularly, the ribs 72 are 
formed on the movable lid 7 at transverse opposite ends 
and at opposite edges of the slot 71 as shown in FIG. 4. 
Any additional ribs may be formed. 
Although the ribs 72 extend in a longitudinal direc 

tion in the embodiment shown in FIG. 4, they may 
extend in a transverse direction, that is, the direction of 
movement of the movable lid 7. The ribs 72 may be 
either continuous or discontinuous strips. The ribs 72 
may have any desired cross-sectional shape including 
rectangular, triangular, and semicircular shapes as long 
as smooth slide motion is ensured between the movable 
and ?xed lids 7 and 3. 

Further, the ribs 72 may be integrally formed with 
the movable lid 7 from the same material or they may be 
separate members bonded to the movable lid 7. In the 
latter case, the separate ribs 72 can be formed from an 
elastomer such as various rubbers and ?exible resins so 
that the ribs may have sealing action. 

Provision of such ribs is not limited to the movable lid 
7 side. They may be formed on the ?xed lid 3 or both 
the ?xed and movable lids 3 and 7. In the embodiment 
shown in FIG. 5, the ?xed lid segments 32 and 34 are 
provided with appropriately spaced ribs 38 on their 
surface facing the movable lid 7. More particularly, the 
ribs 38 are formed on the ?xed lid segment 34 at trans 
verse opposite ends and on the ?xed lid segment 32 at 
transverse opposite ends as shown in FIG. 5. Any addi 
tional ribs may be formed. With respect to the function, 
shape, and material of the ribs 38, the same discussion as 
in the ribs 72 applies. 
The ribs 72 or 38 ?xedly provided on the movable lid 

7 and/or ?xed lid 3 are advantageous as the anti-stick 
means between the lids in that they are fully effective 
despite a simple structure although the anti-stick means 
is not limited to these embodiments. 
FIG. 6 illustrates a further embodiment of the anti 

stick means in which the fixed lid segments 32 and 34 
are provided with appropriately spaced rollers 39 on 
their surface facing the movable lid 7. Provision of 
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rollers 39 reduces the sliding resistance between the 
movable and ?xed lids 7 and 3. The rollers 39 may be 
formed of elastomers such as various rubbers and ?exi 
ble resins, various resins such as phenol resins, polyvi 
nyl alcohol, polyethylene, and polyurethane, and metal 
materials such as stainless steel, titanium alloys, and 
Hastelloy. 

It will be understood that such rollers may also be 
provided on the movable lid 7 or both the ?xed and 
movable lids 3 and 7. 

In the embodiments of the liquid surface shutter ar 
rangement 1 shown in FIGS. 4 to 6, any surface-active 
agent or lubricant such as Te?on, silicone ?uid or the 
like may be coated onto the sliding surface areas of the 
movable lid 7 or ?xed lid 3, the contact areas of the tabs 
72 or 38, or the surface of the rollers 39, if desired, for 
more smooth sliding movement between the lids 7 and 
3. 
Although provision of the tabs 72 or 38 or rollers 39 

is described in the above embodiments, the means for 
preventing the movable lid 7 from clinging to the ?xed 
lid 3 is not limited thereto in the practice of the present 
invention. For example, such anti-sticking purpose can 
be achieved simply by placing the ?xed and movable 
lids in face-to~face relationship without forming any 
protrusions therebetween and properly treating the 
contact surface (one or both of the ?xed and movable 
lids), for example, by coating a lubricant as described 
above. 

It is to be noted that the apparatus of the present 
invention can perform well without the anti-stick 
means. 

Desirably, the photosensitive material processing 
apparatus of the present invention is adaptable for occa 
sional or low utilization operation. 
The occasional operation used herein means that the 

photosensitive material is processed less frequently in 
the processor. The occasional operation may be de?ned 
as follows. 

(1) When the photosensitive material is a negative 
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?lm having a length of about 1.1 m, the average amount ' 
of ?lm processed is up to 10 rolls a day. 

(2) When the photosensitive material is copying pho 
tosensitive paper of A4 size, the average amount of 
paper processed is up to 10 sheets a day. (3) When the 
photosensitive material is color paper, the average 
amount of paper processed is up to 2 square meter a day. 
Another criterion for evaluating occasional operation 

is a replacement rate of the processing solution in the 
processor tank. For the purpose of maintaining satisfac 
tory processability, the processor is usually designed 
such that an increment of replenisher (fresh solution) is 
added to the tank every time when the photosensitive 
material is processed or the processing solution in the 
tank is periodically replaced by a fresh solution. In this 
way, the used or exhausted processing solution is re 
freshed or replaced by a fresh solution. When the total 
amount of fresh solution replenished for a week is not 
more than the substantial volume of the tank which is 
equal to the volume V of processing solution, that is, 
one round, this processor operation is called occasional 
operation. 
The apparatus of the present invention can accommo 

date such occasional operation as exempli?ed by a re 
placement rate of up to one round per 2 weeks, and even 
up to one round per month, and in an extreme ease, up 
to one round per 2 months. 
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In the practice of the present invention, the amount of 

fresh solution replenished during operation may be in 
the ordinary range. The detail of occasional operation is 
described in the previously mentioned manuals. 
Such occasional operation happens in consumer-ori 

ented processors such as wet color copying machines 
and processors of relatively small size such as mini 
laboratory processors rather than business-use proces 
sors such as standard laboratory processors. 

In the case of a wet color copying machine, for exam 
ple, a small increment of processing solution is replen 
ished to the processing tank whenever an exposed pho 
tosensitive material sheet is processed as described 
above. In the case of occasional operation, only a small 
number of photosensitive sheets are processed and the 
replacement rate of processing solution is low. Thus it 
takes a long time until the entire volume of processing 
solution in the tank is replaced by fresh solution. For 
example, if ?ve sheets of photosensitive material are 
daily processed in a processor which is designed such 
that 23 ml per photosensitive sheet of a processing solu 
tion (or fresh solution) is replenished to a processing 
tank having a substantial volume of 10 liters, then it 
takes more than 12 weeks until the entire volume of the 
processing solution (or mother solution) in the tank is 
replaced by the fresh solution. 
The previously mentioned aging deterioration, espe 

cially oxidation and evaporation of the processing solu 
tion prevail under low replacement rate conditions. 
Then occasional replenishment of fresh solution is un 
successful in maintaining optimum the processing solu 
tion in the tank. Irrespective of occasional operation, in 
order that actual copying operation can be instanta 
neously initiated to provide an acceptably short copy 
ing time, the processing solution is always maintained 
under pre-heated conditions at an optimum temperature 
(in the range of 35°-38° C. for developing solution. for 
example), tending to enhance deterioration and evapo 
ration of the solution. 

If the ability of processing solution for processing 
photosensitive material is considered preferential, water 
addition is suf?cient to make up for evaporation, but as 
to deterioration, periodic replacement of processing 
solution in the tank (including exhausted solution dis 
charge and fresh solution charge steps) is still required 
independent of the amount of photosensitive material 
which has been processed. However, such replacement 
is a cumbersome operation which is imposed on the 
user. In addition, the amount of processing solution 
consumed is increased, adding to the running cost. 
From this point of view, the present invention which 

can control deterioration and evaporation of the pro 
cessing solution is advantageous in that the processing 
solution in the tank can be maintained under optimum 
conditions despite low replacement rates and the peri 
odic replacement of solution imposing a troublesome 
operation as described above is eliminated or at least 
reduced in frequency. 

Provision of the anti-stick means between the mov 
able and ?xed lids is effective particularly for occasional 
operation. The occasional operation accompanies less 
frequent processing and thus less frequent movement of 
the movable lid relative to the ?xed lid, leaving longer 
periods allowing the movable lid to tightly adhere to 
the ?xed lid. For example, there is a chance that pro 
cessing solution will be admitted between the movable 
and ?xed lids. Such solution will later dry to leave 
deposits between the lids, which will increase the slide 
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resistance of the movable lid. The anti-stick means be 
tween the movable and ?xed lids always enables smooth 
movement of the movable lid and thus ensures smooth 
open/close operation of the inlet 35 and the outlet 37 
even in the case of occasional operation. 

In the context of this disclosure, the photosensitive 
material processing apparatus adaptable for occasional 
operation are not limited to those apparatus specialized 
for occasional operation and mainly intended for occa 
sional operation, but include those apparatus which can 
accommodate for both occasional operation and an 
other type of operation (for example, continuous opera 
tion, and moderate to large quantity operation), those 
apparatus which are of ordinary design with some mod 
i?cations for occasional operation, and those apparatus 
whose manual does not exclude or prohibit occasional 
operation. 
Examples of the photosensitive material processing 

apparatus adaptable for occasional operation include a 
variety of processors such as wet copying machines, 
automatic developing machines, printer processors, 
video printer processors, photographic print making 
coin vendors, color proof, and color paper processors. 
The type of photosensitive material which can be 

processed by the apparatus of the invention is not par-‘ 
ticularly limited. Examples of such processable photo 
sensitive material include a variety of photosensitive 
materials such as color negative ?lms, color reversal 
?lms, color photographic paper, color positive ?lms, 
color reversal photographic paper, processing photo 
graphic photosensitive materials, radiographic photo 
sensitive materials, black-and-white negative ?lms, 
black-and-white photographic paper, and micro-?lm 
photosensitive materials. 

OPERATION 

The operation of the photosensitive material process 
ing apparatus according to the present invention is de 
scribed below by referring to FIGS. 1 to 3 again. 
During quiescent periods when no photosensitive 

material is supplied to processing tank 10, movable lid 7 
is in abutment with stop 36A of ?xed lid segment 36 as 
shown in FIG. 1. In this position, movable lid 7 blocks 
both inlet 35 and outlet 37 for photosensitive material. 
Thus ?xed lid 3 (including segments 32, 34 and 36) and 
movable lid 7 in sealing engagement covers processing 
solution 12, effectively preventing evaporation, temper 
ature drop, deterioration and changes thereof. 
During operating periods when photosensitive mate 

rial in the form of a photosensitive sheet 200 is to be 
processed in tank 10, sheet 200 is guided by guide 41 and 
conveyed downward by feed roller pair 28 into tank 10. 
To this end, motor 55 (see FIG. 3) is actuated to 

rotate shaft 50 counterclockwise as viewed in FIG. 1 
through sprockets 51, 52 and chain 53 and to rotate feed 
roller pair 28 through gears 94 and 102. Rotation of 
roller pair 28 conveys sheet 200 downward as described 
above. Rotation of shaft 50 is transmitted to movable 
bush 58 through ?xed bush 56 and frictional disk 60. 
Rotation of movable bush 58 in turn forces tabs 76 on 
movable lid 7 via pin 64 to shift movable lid 7 to the 
right as viewed in FIG. 1. As a result of rightward shift 
of movable lid 7, the movable lid trailing edge clears 
outlet 37 and movable lid slot 71 comes in register with 
inlet 35 so that both inlet 35 and outlet 37 are open for 
passage of sheet 200. 

After movable lid 7 has abutted against stop 32A on 
?xed lid segment 32, rotational force of shaft 50 is no 
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12 
longer transmitted because of sliding motion between 
movable bush 58 and frictional disk 60. 
The rotational force of shaft 50 is also transmitted to 

feed rollers 20B and 26B for rotation thereof through 
gears 94, 96, 98, and 100. Thus photosensitive sheet 200 
is introduced into processing solution 12 through inlet 
35 and moved further downward by frictional engage 
ment of rotating roller pair 20. Sheet 200 is passed be 
tween rollers 22, turned upward along bottom guide 45, 
and then moved upward by frictional engagement of 
rotating rollers 24 and 26. Thereafter, sheet 200 is 
moved outboard, that is, discharged out of processing 
solution 12 and past outlet 37, frictionally conveyed by 
rotating roller pair 29, and delivered to the subsequent 
station through guide 43. 
While following this route, sheet 200 is processed 

with the solution in the tank 10. 
Once sheet 200 has been delivered to the subsequent 

station, motor 55 is interrupted to stop rotation of all 
feed rollers. Then motor 55 is actuated again, but in the 
reverse direction to rotate shaft 50 clockwise as viewed 
in FIG. 1. Movable lid 7 is moved to the left in FIG. 1 
until it abuts against stop 36A. At this position, movable 
lid 7 cooperates with ?xed lid 3 in substantial seal 
contact to cover inlet 35 and outlet 37, shielding the 
solution from the ambient atmosphere. 

In the practice of the present invention, processing 
tank 10 may be a single tank such as a developing tank, 
bleach-?xing tank or washing tank. Alternatively, a 
plurality of processing tanks similar to the above-illus 
trated tank 10 may be placed in series, for example, as 
serially disposed developing, bleach-?xing, and wash 
ing tanks. Then the photosensitive material can be suc 
cessively passed through the tanks to carry out develop 
ment, bleach-?x and washing on the material in this 
order. The photosensitive material processing apparatus 
in this embodiment involves three processing tanks and 
shutter assemblies associated therewith as de?ned in the 
present disclosure. A wet color copying machine as 
exempli?ed above typically has such an arrangement. 
Although motor 55 is reversed to shift movable lid 7 

to the left in FIG. 1 to block inlet 35 and outlet 37 in the 
above-illustrated embodiment, appropriate bias means 
typically in the form of a spring (not shown) may be 
provided to bias movable lid 7 to the left in FIG. 1 to 
block inlet 35 and outlet 37. In the latter case, a one-way 
clutch or similar disconnection mechanism must be 
disposed between shaft 50 and sprocket 51 so that re 
verse rotation of shaft 50 caused by the bias means is not 
transmitted to motor 55. 
Although the same drive source, that is, motor 55 is 

used to synchronously perform transfer of photosensi 
tive sheet 200 and open/close operation of solution 
surface shutter assembly 1 (or shift of movable lid 7) in 
the above-illustrated embodiment, different drive sys 
tems may be used in synchronization. The latter em 
bodiment includes, for example, a ?rst drive system for 
transferring photosensitive sheet 200 and a second drive 
system for operating solution surface shutter assembly 
1. The second drive system may be a hydraulic actuator 
or step motor, for example. Detection means in the form 
of a sensor is used to detect transfer of sheet 200, and the 
second drive system is operated in response to the de 
tection signal. Then solution surface shutter assembly 1 
can be controlled in synchronization with transfer of 
sheet 200. 

It is to be noted that the present invention is not 
limited to the synchronous mode of operation wherein 
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opening of solution surface shutter assembly 1 is syn 
chronized with transfer of photosensitive material as in 
the foregoing embodiments. 
Although several preferred embodiments of the pho 

tosensitive material processing apparatus of the present 
invention are described with reference to the drawings, 
the present invention is not limited thereto. 

EXAMPLES 

EXAMPLE 1 

Photosensitive material a which was a positive color 
photosensitive material (APC) was prepared as follows. 

Preparation of photosensitive material a 
A color photosensitive material was prepared from a 

paper support (100 pm thick) having both sides lami 
nated with polyethylene by coating the support on the 
front side with 1st to 14th layers and on the back side 
with 15th to 16th layers as formulated below, on each 
side one on top of another. The polyethylene layer on 
the front side on which the 1st layer was directly coated 
contained 4 g/m2 of titanium oxide as white pigment 
and a trace amount (0.003 g/mz) of ultramarine as blue 
tinting dye. The double laminated support on the sur 
face had chromaticity coordinates of (88.0, —0.20, 
—0.75) in the (L‘, a‘, b‘) system. 

Photosensitive layer formulation 
For each layer, ingredients and their amounts coated 

are shown below. The amount of each ingredient 
coated is expressed in gram per square meter (g/ml) 
unit except that the amount of silver halide coated is 
expressed by calculating the amount of silver coated. 
The emulsion used in all the layers was prepared ac 
cording to the preparation of emulsion EM-l described 
later except that the emulsion used in the 14th layer is a 
Lippmann emulsion which had not been subject to sur 
face chemical sensitization. 

Ingredients 
1st layer: anti-halation layer 
Black colloid silver 
Gelatin 

211m 
Gelatin 
3rd layer: low sensitivity red-sensitive layer 
Silver bromide spectrally sensitized with red 
sensitizing dyes ExS-l, ExS-Z, and ExS-Il, 
having average grain size 0.25 pm, size 
distribution (coefficient of variation) 8%, 
octahedral 
Silver chlorobromide spectrally sensitized with 0.08 
red sensitizing dyes ExS-l, ExS-2, and ExS-3, 
having silver chloride 5 mol %, average grain 
size 0.40 um, size distribution 10%, octahedral 
Gelatin 1.00 
Cyan coupler, 0.30 
ExC-1/ExC-2/ExC-3 = 1/l/0.2 in weight ratio 
Anti-fading agent, Cpd-1/Cpd-2/Cpd-3/Cpd-4 = 
l/l/l/l in weight ratio 
Anti-stain agent, Cpd-5 0.003 
Coupler dispersant, Cpd-6 003 

g/m2 

0.10 
0.70 

0.70 

0.04 

0.18 

Coupler solvent, Solv-1/Solv-2/Solv-3 = 0.12 
l/l/l in weight ratio 
4th layer: high sensitivity red-sensitive layer 
Silver bromide spectrally sensitized with red 0.14 
sensitizing dyes ExS-l, ExS-2, and ExS-3, 
having average grain size 0.60 pm, size 
distribution 15%, octahedral 
Gelatin 1.00 
Cyan coupler, 0.30 
ExC-1/ExC-2/ExC-3 = 1/1/0.2 in weight ratio 
Anti-fading agent, Cpd-l/Cpd-2/Cpd-3/Cpd-4 = 0.18 
l/l/l/l in weight ratio 
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14 
—continued 

Ingredients g/m2 
Coupler dispersant, Cpd-6 0.03 
Coupler solvent, Solv-l/S0lv-2/Solv-3 = 0.12 
l/ l/ 1 in weight ratio 
W 
Gelatin 1.00 
Anti-color-mixing agent, Cpd-7 0.08 
Anti-color-mixing agent solvent, 0.16 
S0lv-4/Solv-5 = l/l in weight ratio 
Polymer latex, ‘Cpd-8 0.10 
6th layer: low sensitivity green-sensitive layer 
Silver bromide spectrally sensitized with green 0.04 
sensitizing dye ExS-4, having average grain size 
0.25 pm, size distribution 8%, octahedral 
Silver chlorobromide spectrally sensitized with 0.06 
green sensitizing dye ExS-4, having silver 
chloride 5 mol %, average grain size 0.40 pm, 
size distribution 10%, octahedral 
Gelatin 0.80 
Magenta coupler, 0.11 
ExM-l/ExM-Z = l/l in weight ratio 
Anti-fading agent, 0.15 
Cpd-9/Cpd-26 = 1/1 in weight ratio 
Anti-stain agent, Cpd-lO/Cpd-ll/Cpd-lZ/Cpd-l3 = 0.025 
10/7/7/1 in weight ratio 
Coupler dispersant, Cpd-6 0.05 
Coupler solvent, 0.15 
Solv-4/Solv-6 = V1 in weight ratio 
7th layer: high sensitivity green-sensitive layer 
Silver bromide spectrally sensitized with green 0.10 
sensitizing dye ExS-4, having average grain size 
0.65 pm, size distribution 16%, octahedral 
Gelatin 0.80 
Magenta coupler, 0.11 
ExM-l/ExM-2/ExM-3 = l/l/l in weight ratio 
Anti-fading agent, 0.15 
Cpd-9/Cpd-26 = l/l in weight ratio 
Anti-stain agent, Cpd—10/Cpd-1l/Cpd-l2/Cpd-l3 = 0.025 
10/7/7/1 in weight ratio 
Coupler dispersant, Cpd-? 0.05 
Coupler solvent, 0.15 
Solv-4/Solv-6 = 1/1 in weight ratio 
8th layer: intermediate layer 
same as the 5th layer 
9th layer: yellow ?lter layer 
Yellow colloid silver, 0.12 
average grain size 100 A 
Gelatin 0.07 
Anti~color~mixing agent, Cpd-7 0.03 
Anti-color-mixing agent solvent, 0.10 
Solv-4/Solv-5 = V1 in weight ratio 
Polymer latex, Cpd-S 0.07 
10th layer: intermediate layer 
same as the 5th layer 
11th layer: low sensitivity blue-sensitive layer 
Silver bromide spectrally sensitized with blue 0.07 
sensitizing dyes ExS-5 and ExS-6, having average 
grain size 0.40 pm, size distribution 8%, 
octahedral 
Silver chlorobromide spectrally sensitized with 0.14 
blue sensitizing dyes ExS-S and ExS-é, having 
silver chloride 8 mol %, average grain size 

- 0.60 pm, size distribution 11%, octahedral 
Gelatin 0.80 
Yellow coupler, 0.35 
ExY-l/ExY-Z = l/ 1 in weight ratio 
Anti-fading agent, Cpd-l4 0.10 
Anti-stain agent, 0007 
Cpd-5/Cpd-l5 = 1/5 in weight ratio 
Coupler dispersant, Cpd-6 0.05 
Coupler solvent, Solv-Z 0.10 
12th layer: high sensitivity blue-sensitive layer 
Silver bromide spectrally sensitized with blue 0.15 
sensitizing dyes ExS-S and ExS-6, having 
average grain size 0.85 urn, size distribution 
18%, octahedral 
Gelatin 0.60 
Yellow coupler, 0.30 
ExY-l/ExY-2 = l/l in weight ratio 
Anti-fading agent, Cpd-l4 0.10 
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-continued 
Ingredients g/mz 
Anti-stain agent, Cpd-S/Cpd-IS = 0.007 
1/5 in weight ratio 
Coupler dispersant, Cpd-6 0.05 
Coupler solvent, Solv-2 0.10 
W 
Gelatin 1.00 
UV absorber, Cpd-2/Cpd-4/Cpd-l6 = 0.50 
1/ l/ l in weight ratio 
Anti-color-mixing agent, 0.03 
Cpd-7/Cpd-l7 = 1/ l in weight ratio 
Dispersant, Cpd-6 0.02 
UV absorber solvent, 0.08 
Solv-2/Solv-7 = 1/1 
Anti-irradiation dye, 0.05 
Cpd-18/Cpd-l9/Cpd-20/Cpd-2l/Cpd-27 = 
10/10/ 13/ 15/20 in weight ratio 
W 
Fine grain silver chlorobromide having silver 0.03 
chloride 97 mol % and average grain size 0.1 pm 
Acryl-modi?ed copolymer of polyvinyl alcohol 0.01 
having molecular weight 50,000 
Granular polymethyl methacrylate (average grain 0.05 
size 2.4 pm)/silicon oxide (average grain size 
5 pm) in equal amount 
Gelatin 1.80 
Gelatin hardener, 0.18 
H-l/H-2 = V1 in weight ratio 
15th layer: back layer 
Gelatin 2.50 
UV absorber, Cpd-2/Cpd-4/Cpd-16 = 0.50 
l/l/l in weight ratio 
Dye, Cpd-l8/Cpd-19/Cpd-20/Cpd-21/Cpd-27 = 0.06 
l/l/l/l/l in weight ratio 
16th layer: back protective layer 
Granular polymethyl methacrylate (average grain 0.05 
size 2.4 um)/silicon oxide (average grain size 
5 pm) in equal amount 
Gelatin 2.00 
Gelatin hardener, 0.14 
H-l/H-Z = l/l in weight ratio 
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Preparation of emulsion EM-l 
Aqueous solutions of potassium bromide and silver 

nitrate were concurrently added to an aqueous gelatin 
solution at 75° C. over 15 minutes with vigorous stir 
ring, obtaining octahedral silver bromide crystals hav 
ing an average grain size of 0.35 pm. During prepara 
tion, 0.3 grams per mol of silver of 3,4-dimethyl-1,3 
thiazoline-2-thione was added to the solution. To the 
emulsion were successively added 6 mg of sodium thio 
sulfate and 7 mg of chloroauric acid tetrahydrate, both 
per mole of silver. The emulsion was heated at 75° C. 
for 80 minutes for chemical sensitization. Further crys 
tal growth was effected on the core of the thus obtained 
crystals under the same precipitation conditions as the 
?rst precipitation. Finally obtained was an octahedral 
monodispersed core/shell silver bromide emulsion hav 
ing an average grain size of 0.7 pm. It had a coefficient 
of variation in grain size of about 10%. To the emulsion 
were added 1.5 mg of sodium thiosulfate and 1.5 mg of 
chloroauric acid tetrahydrate, both per mole of silver. 
The emulsion was again heated at 60° C. for 60 minutes 
for chemical sensitization, yielding an internal latent 
image type silver halide emulsion. 
Each photosensitive layer further contained l0-3% 

by weight of ExZK-l nucleating agent, l0-2% by 
weight of ExZK-Z nucleating agent, and 104% by 
weight of Cpd-22 nucleation promoter, based on the 
weight of silver halide. In each layer, there were addi 
tionally used Alkanol XC (manufactured by E.I. du 
Pont) and sodium alkylbenzene sulfonate as emulsi?ca 
tion/dispersion aids, and succinate ester and Magefac 
F-l20 (manufactured by Dai-Nihon Ink K.K.) as coat 
ing aids. Stabilizers Cpd-23, Cpd-24 and Cpd-25 were 
used in those layers containing silver halide and colloid 
silver. 
The compounds used in this example are identi?ed 

below. 
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